SUMMARY: The production of trichothecin by strains of Trichothecium roseum was greatly increased when nutrients such as yeast extract, malt extract or corn-steep liquor were added to Czapek-Dox medium containing 5 yo (w/v) glucose. Ammonium salts, especially ammonium tartrate, were better than nitrate as source of nitrogen, and high trichothecin titres were also obtained with asparagine or glycine as source of nitrogen. Maximum yields of the order of 100 mg./l. were obtained on a modified Czapek-Dox medium containing ammonium tartrate instead of sodium nitrate and including 5 % (w/v) glucose and 1 yo (v/v) of corn-steep liquor, in about 30 days, with 4 cm. depth of medium.
Antagonism between Trichothecium roseum Link and certain plant-pathogenic fungi was reported by Whetzel (1909), Boning (1933), Koch (1934) and Greaney & Machacek (1935) . Koch (1934) stated that T . roseum actively parasitized the stroma of Dibotryon rnorbosum in the black-knot disease of various hosts. The influence of Trichothecium roseum on the pathogenicity of Helminthosporium sativum in experiments with cereals has been observed by Greaney & Machacek (1935) . Antifungal activity of culture filtrates of Trichothecium roseum against Botrytis allii was reported by Brian & Hemming (1947) . The substance responsible for this antagonism was isolated from culture filtrates of the fungus and its chemical properties described (Freeman & Morrison, L948), and was given the name 'trichothecin'. The work described here is concerned with the most favourable conditions for the production of trichothecin, and with its biological properties. We first observed that a tenfold dilution of the culture filtrate of a strain of Trichothecium roseum on beer-wort completely suppressed the germination of Penicillium digitatum spores. In cylinder-plates the growth of Aspergillus niger mut. schiemani, Paecilomyces varioti, Fusarium graminearum and Penicillium hagemi was inhibited, though less markedly than that of P . digitatum. Antagonism of Trichothecium roseum towards Penicillium spp., both on liquid and solid media, was frequently observed, the niycelia of the latter being ultimately completely overgrown by Trichothecium roseum.
EXPERIMENTAL
Strains of Trichothecium roseum. Four strains of T . roseum were used; they were isolated in this laboratory from specimens of cut wood collected locally. When freshly isolated on beer-wort agar medium all showed the characteristic macroscopic .appearance of T. roseum. The colonies, which were initially white and thinly floccose, rapidly developed a rose pink conidial zone. The erect conidiophores carried terminal clusters of two-celled oval conidia about 20 x lop, each with a nipple-like projection at the point of attachment. Microscopically the various strains were indistinguishable; their various colonial appearances were as follows.
' Strain no. F l o g . Colonies on beer-wort agar were thinly floccose, white at first, rapidly becoming pink and velvety as conidia developed. On liquid Czapek-Dox medium ( 5 yo (w/v) glucose) supplemented by 1 yo (v/v) corn-steep liquor (CSL), initially produced thick smooth convoluted felt, deep pink in colour. After a number of subcultures on wort agar, the mycelium on liquid medium became largely sterile, compact, white and convoluted with a few small pink conidial areas. This change coincided with a decrease from 30 to 5 mg./l. in the trichothecin production on the above medium. The original Colonies on wort agar were thin, pale pink with numerous areas of sterile floccose mycelium. After 8-41 subcultures on wort agar only white floccose sterile mycelium was produced. No antifungal activity was detected when this strain was grown on Czapek-Dox glucose CSL medium, but high concentrations of trichothecin were obtained with the ammonium tartrate-containing medium.
Strain no. F227. Colonies on wort agar were similar to those of strain Flog, but with occasional floccose sterile areas. On liquid glucose CSL Czapek-Dox medium the mycelium was mainly pink with heavy development of conidia, and the surface was much rougher than that of strain F109. There was occasional development of loose, white floccose areas with delayed conidial production. On the ammonium tartrate-containing medium similar but heavier growth took place.
Strain no. F271. Colonies on wort agar and conidial production were similar to strain F 109. On the ammonium tartrate-containing medium the mycelium resembled that of strain Fro9 in texture, but conidial development took place evenly over the whole surface. was overcome by use of a parallel series of standard concentrations of trichothecin with each set of assays, from which the concentration of the substance which permitted 50 yo germination (ED 5 0 ) was determined for each batch of spores. The ED50 was determined graphically by plotting the probit corresponding to the percentage germination against the logarithm of the concentration (Finney, 1947) and reading the ED50 on the linear response curve thus obtained. The ED50 is cited in the tables in mg./l. ( 6 ) B y a cylinder-plate method. The method 'was an adaptation of the cylinderplate diffusion technique (Abraham, Chain, Fletcher, Gardner, Heatley, Jennings & Florey, 1941) , in which a porcelain cylinder was embedded in bcer-wort agar medium, sown with P. digitaturn spores, in a Petri dish. The cylinder was filled with the test solution and the plate incubated for 3 days at 25". The dose-response curve for trichothecin (Fig. l ) , for concentrations in the range of 1-56-200 p.p.m., shows that there is a linear relationship between diameter of zone of inhibition and the logarithm of trichothecin concentration.
The method compares unfavourably with the spore-germination method. It is less precise because of the diffuse nature of the boundaries of the zones of inhibition, and because the zones are too large to allow both standard and test solutions to be set up on the same 9 cm. plate. It is also slow, since 3 days must elapse before results are obtained.
The data summarized in Tables 3 and 4 were obtained by this method.
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Factors which injluence trichothecin production in liquid media
The influence of a number of factors on trichothecin production in liquid media was investigated. inoculated with a suspension of Trichothecium roseum spores from about 7-day beer-wort agar slopes. The cultures were incubated at 25" in the dark, and samples of the filtrate assayed at intervals, In the absence of added organic nutrients growth was slow and sparse. To produce rapid growth and heavy development of mycelium nutrients such as yeast extract, malt extract, beer wort and CSL were necessary. In preliminary experiments CSL appeared to be most effective in stimulating development of trichothecin.
Corn-steep liquor concentration. The effect of CSL concentrations in the range 0.1-2 yo (v/v) at initial pH values of 4.0, 6.1 and 7.6 was determined (Table 3) . In the absence of CSL only traces of activity were produced. Addition of 0.1 % Trichothecin was assayed by the cylinder-plate method. (Table 4) showed that maximum trichothecin production took place with sucrose and that lactose was unsatisfactory. Nitrogen source. The nature of the nitrogen source in the medium had considerable influence on the production of trichothecin. T. roseum strain F 227 was grown on a series of media based on the Czapek-Dox formula, containing NaNO, , was replaced by the equivalent amounts of KNO, , NH,NO,, (NH,),SO, , ammonium tartrate, asparagine, urea and glycine ( Table 5 ) . The ammonium ion was superior to nitrate as a source of nitrogen, except when supplied in the form of ammonium sulphate, in which case the pH rapidly fell to about pH 2, presumably because of the liberation of sulphuric acid. Ammonium tartrate was the best nitrogen source for trichothecin production and was used in the preparation of trichothecin on a relatively large scale. Asparagine and glycine media both produced high titres of trichothecin, but the maxima were reached more slowly than with ammonium tartrate. Only a trace of activity developed when the medium contained urea as source of nitrogen. I n a separate experiment, a medium containing the equivalent concentration of acetamide gave trichothecin production of the same order as that obtained with nitrate nitrogen. GZu,cose concentration. The effect of initial concentrations of glucose in the range 1-20 % (w/v) was determined in a medium containing 1 % (v/v) CSL and Czapek-Dox salts in which sodium nitrate was replaced by the equivalent quantity of ammonium tartrate (Table 6) . With low concentrations (1 or 2 yo (w/v)) of glucose, trichothecin concentrations rose to a maximum after 6 and 10 days, respectively, and thereafter fell equally rapidly to zero. The highest concentration was obtained with 5 yo (w/v) glucose and was only slightly less with 10 yo (w/v) initial glucose. With 20 yo (w/v) initial glucose, both the rate of trichothecin production and the maximum concentration were much lower than with 5 and 10% (w/v) initial sugar concentrations.
Period of incubation (days)
Depth of medium. The maximum practicable depth of medium for trichothecin production and isolation was determined in the medium used in the previous experiment, containing 5 % (w/v) initial glucose. The results (Table 7) show that although trichothecin concentration attained a maximum more slowly in the deeper media it was a t least as high as in the shallower media.
G M I I I I

Biological properties of trichothecin
Trichothecin had no antibacterial activity against Stuphylococcus aureus, Bacillus subtilis or Bacterium coli, at a concentration of 400 mg./l. (saturated aqueous solution) and p H 7.0, as determined by the cylinder-plate method (Abraham et al. 1941) . Its antifungal activity is exhibited against Fungi Table 6 . Effect of initial glucose concentration on trichotkcin production by Trichothecium roseurn strai,n 8'227
The fungus was grown on the following medium: ammonium tartrate, 2.2 g.; MgS0,.7Ha0, 0.5 g.; K,HPO,, 1.0 g. ; FeSO, .7H,O, 0.01 g. ; KCl, 0.5 g. ; corn-steep liquor, 10 ml. ; glucose, lf)-200 g. ; water t o 1000 ml. ; pH 5.0. Trichothecin was assayed by the spore-germination method. Table 6 Imperfecti, Zygomycetes and Ascomycetes, and the growth of the twenty-seven species of fungi so far examined was inhibited in some degree. Tests in the presence of a range of concentrations of trichothecin (0.13-80 mg./l., Table 8 ) revealed wide differences in the sensitivity of different fungi to trichothecin. Relative growth Schroct . 
DISCUSSION
The isolation of trichothecin and demonstration of its antifungal properties provide fairly conclusive evidence that this compound is responsible for the antagonism exhibited by Trichothecium roseum towards other fungi. Several other crystalline compounds have been isolated from T . roseum culture filtrates and will be described elsewhere, but all were devoid of antifungal or anti-5-2 bacterial activity. Trichothecin is extracted from the filtrates by chloroform, which removes the whole of the antifungal activity. None of the fractions obtained chromatographically, with the exception of the trichothecin-containing fractions, exhibit any antifungal activity. The stability of trichothecin at normal temperatures and over a wide range of pH (Freeman & Morrison, 1948) suggests that the compound may persist for sufficiently long in nature to influence the growth of other fungi. In this connexion the frequent occurrence on dead wood of characteristic, virtually pure cultures of T . roseum is of interest. Concentrations of trichothecin of the order of 80 mg./l. partly inhibit growth of T . rosezim in culture, and old cultures of the fungus slowly lose their antifungal activity.
The antifungal activity originally observed in Czapek-Dox-5 yo (w/v) glucose medium proved to correspond to about 10 mg./l. of trichothecin. The bulk of the work described above was undertaken with the object of improving the yield to provide sufficient quantities of the compound for chemical analyqis and degradation studies. No evidence of the mode of antifungal action of trichothecin is yet available; it has, however, been shown that its action is not inhibited by an excess of cysteine (cf. Cavallito & Bailey, 1944).
